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-MAX-DOAS: Multi-Axis Differential Optical Absorption Spectroscopy 

Multiple axes: More information content than satellite (e.g., vertical profile) 

Simultaneous O4 measurements: optical path length or aerosol (cloud) information 
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Principle of MAX-DOAS observations 

6 elevation angles (EA= 3o, 5o, 

10o, 20o, 30o, 90o) are scanned; 

1 cycle = 30 min (5 min x6 ) 



Raw spectra 

DOAS fitting using zenith 

spectrum “from the same 

meas. series” as reference 
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Sinreich et al., 2005 
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2009/04/29 

 6:40  

Fukue 

AOD=0.28 

 

Tropo NO2 VCD =  

5.1x1015  

molec cm-2 

 

▶Optimal Estimation Method (Rodgers, 2000) 
     state vector:  (TropoNO2VCD, v1, v2, v3) 
       (v1: fraction of TropoNO2VCD present in  

the lowest 1km) 

▶ Total uncertainty: 17%  

     (even with 30% uncertainty in AOD) 

Certified by intercomparison
Wagner et al. (2007) 
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N (30 min) 

Yokosuka 45441 

Cape Hedo 29814 

Gwangju 21051 

Hefei 7305 

Zvenigorod 8946 

Fukue 20198 

TOTAL 132755 

http://ebcrpa.jamstec.go.jp/maxdoashp/ 

http://ebcrpa.jamstec.go.jp/maxdoashp/


MAX-DOAS 
 (uncertainty range) 

Verification of MAX-DOAS NO2 meas.: KORUS-AQ 2016 
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A. Weinheimer, 
Sadanaga et al. 

DC-8 
surface  
(UVLED/ 
chemilumi) 

DC-8 flight over 
Fukue (Jun 10,  10 LT) 

Info from L. Emmons 
Fukue 

Gwangju 
comparison with Pandora 26 (preliminary) 
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TropoNO2VCD at Fukue & Gwangju: Long-term variation 
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Monthly mean TropoNO2VCD 

May 

N = 20,198 

N=21,051 



Trend, Yokosuka 
(urban) 

• Decrease in NO2 levels, 
recently slowed 

• HCHO flattened earlier 
and even increased in 
2016. 

• O3 prod. regime would 
remain VOC-limited but 
shift toward NOx-limited 
side 
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TropoNO2VCD 

HCHO VCD 

N=45441 



OMI TropoNO2VCD validation: AOD & vertical profile shape dependence  
Aerosol shielding effect? (AK was not considered) 
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(Kanaya et al.,  
ACP,2014) 

(Kanaya et al.,  
JAMSTEC press release 2014,  
KORUS-AQ white paper) 



Renewed OMI DOMINOv2 TropoNO2VCD validation: 
Vertical profile shapes at Yokosuka (TM4 vs. MAX-DOAS) 
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Rather steeper profile for 
TM4 than MAX-DOAS, 
despite coarse spatial 

resolution (2° x3°) 

AKTrop=0.5 near 
surface 

 (for TM4 profile) 

OMI DOMINOv2, level2 data, 
Δlat, long< 0.15°, Δt<1h, cloud fraction(cf) <0.3, Year= 2007-2014 
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9 ytrop = AKtrop ・xtrop 

AKtrop = AK 

Yokosuka (urban) 



Renewed OMI DOMINOv2 TropoNO2VCD validation: 
with Averaging Kernel considered 
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D:¥omi_l2_from_miyazakisan_160921¥omi_ka

OMI/MAX-DOAS ratio got closer to unity, but OMI’s underestimation remained.  
Both dependence on AOD and v1 slightly weakened. 

N=1123 



AOD dependence (shielding effect) persisted with cf<0.03:  
consistent with theoretical calculations (POMINO)  
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Gwangju, cf<0.03 

Data provided 
by Mengyao Liu, 
Jintai Lin (PKU) 
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AAOD = AOD *(1-SSA) 

Gwangju, cf<0.03 

SSA, Aerosol Layer Height 
effects should also be 
examined. 



OMI-to-MAXDOAS comparison at Yokosuka:  
Significant gap remained during wintertime 

Significant gap in winter, associated with low wind speed. 
Spatial inhomogeneity to be studied with TROPOMI 
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※OMI TropoVCD recalculated with MAX-DOAS shape  
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+  OMI, TM4 shape 
●OMI, MAX-DOAS shape 
● MAX-DOAS  
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Boersma et al., GMD, 2016 
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●statistics of OMI(MAX-DOAS shape)/ MAX-DOAS 10mratio (May-Aug)  
median: 0.75 (25%tile 0.47, 75%tile 1.20)  n=162, r=0.71 
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Summary 

• MADRAS network continues to derive decadal variations in NO2 & 
HCHO etc. and ground-truth into TROPOMI (ESA, NIDFORVal) & 
GEMS era. 

• MAX-DOAS retrievals were evaluated during KORUS-AQ. 

• Aerosol shielding effect: verified with clear sky data (cf<0.03) 
after AK applied. 

• Fusion of MAX-DOAS and satellite obs. to derive surface NO2: its 
variations were well captured from OMI satellite (May-Aug) at 
Yokosuka, when adequate vertical profile was inputted. 
Extrapolation to Kanto area map is ongoing. 
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